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Analysis of reasonable seismic isolation system for high-speed railway simply
supported bridge in nine-degree seismic regions

DONG Jun'?, ZENG Yongping’, LENG Dan'

(1. Sichuan College of Architectural Technology, Deyang 618000, Sichuan, China;
2. China Railway Eryuan Engineering Group Co., Ltd., Chengdu 610031, China)

Abstract; In order to obtain a reasonable seismic isolation system for typical high-speed railway simply supported
bridge in nine-degree seismic regions, an analysis method for seismic hazard contribution parameter of bridge site
was proposed, and a calculation method for seismic vulnerability of bridge was deduced by using kernel density
estimation theory, then a seismic analysis method for railway bridge based on seismic risk assessment was
established. Taking a typical 32 m prestressed concrete simply supported beam bridge in the nine-degree seismic
region of Chongqing-Kunming high-speed railway line as the research object, five combined seismic isolation
systems were compared and comprehensively evaluated by using the seismic analysis method based on seismic risk
assessment. The results show that the seismic risk probabilities of piers and bearings can be controlled within 6%
and 3% when the seismic isolation system composed of double spherical aseismic bearings, tenon-shaped metal
energy dissipation devices and steel anti-drop-beam devices was used. This system can effectively improve the
seismic performance of piers, dissipate the seismic energy, reduce the seismic force of pile foundations, and limit
the displacement of main girders, then preventing girder falling and realizing the seismic design of 32 m high-speed
railway simply supported bridge in nine-degree regions. It provides a basis for seismic analysis of similar bridges in
high intensity seismic regions in the future.

Keywords: bridge engineering; seismic risk assessment; seismic isolation system; seismic performance;
applicability
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Fig.1 Seismic hazard and seismic vulnerability curves
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Fig.2 Schematic diagram of seismic hazard contribution
parameters
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Fig.3  The flow chart of seismic analysis method for railway
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Tab.1 Bridge pier design and construction parameters
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Tab.2 Double spherical aseismic bearing parameters

FEE  EWNA/mm  HUEAE/mm HIFRER/m

s .
AR gm o mm g B e Bea
KZQZ-FPB-
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KZQZ-FPB-
+30 — +200 200 2.6 2.6
5500ZX-0.4g
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Tab.3  Spherical steel bearing parameters

IR . HZA L/ mm
= PEEREL fi/rad ——  —
H1/kN AT 1C
TJGZ(CRRC) -
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Tab.4 Mechanical parameters of anti-falling beam

FFR WEPGEB/mm  KERIE/(10° kN-m ")
B 17 B 74 200 7.1
Y1) i v 2 200 16.7
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Fig.7 Finite element model of bridge
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Tab.5 Project site seismic risk contribution parameters

ETR i K e PGA/g  HIERAMR/% Ay,
1 50 a 63% 0.135 59.42 0.347 5
2 100 a 63% 0.192 33.38 0.3159
3 50 a 10% 0.379 5.02 0.104 7
4 100 a 10% 0.520 1.21 0.018 2
5 50 a 2% 0.644 0.34 0.004 1
6 100 a 3% 0.720 0.16 0.001 3
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Tab.6 Critical value of damage index of bridge members

B AT

BN A & A
ik Wik AR SR
#%/m

10 m 3L 20 m £ 30 m £ 10 m 5 20 m 3 30 m B4

BRg 1.000 1.00  1.00 1.00 1.00 1.00 0.20
hA 10161 1.24  1.23  1.376 1.30 1.32  0.24
JUEBE 2.323  2.48  2.47  2.753 2.60 2.63 0.30

SEAWEIR 4.274  4.37  4.41  4.488 4.50 4.48 0.40
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Fig.9 Seismic vulnerability curve of simply supported beam support of 10 m pier under earthquake
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Tab.7 Risk assessment calculation table corresponding to piers when seismic isolation scheme 5 was adopted

for 10 m piers of Chongqing-Kunming high-speed railway

PUP(Su,j)/%

AN, X Pypy (S, )/ %

G WERE AL

BWORG RS R RRUOR B PSR RERR e
1 50 a 63% 0.347 5 0.01 0 0 0 0 0 0
2 100 a 63% 0.3159 0.51 0.22 0 0.16 0.07 0 0
3 50 a 10% 0.104 7 37.55 27.70 3.34 0.17 3.93 2.90 0.35 0.02
4 100 a 10% 0.018 2 76.55 67.36 21.42 2.93 1.39 1.22 0.39 0.05
5 50 a2% 0.004 1 92.39 87.65 46.65 11.83 0.38 0.36 0.19 0.05
6 100 a 3% 0.001 3 96.39 93.61 61.08 20.67 0.12 0.12 0.08 0.03
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Fig. 12 The 2D histogram of risk analysis of key components of simply supported beam bridge under various seismic isolation systems
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Fig. 14  The 2D histogram of risk analysis of key components of simply supported beam bridge under various seismic isolation systems
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